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By Martin Enserink

losely read any paper on an animal
experiment, and you're likely to have
many questions. What strain of mioe
was used, and what were their sex and

age? Were animak randomly assigned
their science is 5|

THREE MICE HAD VANIEHED. AND ULRICH
Dimagl hnd 2 hmch abomt where Seyl
ended up: in the metaphorical dusthin
housing mimals—and e ane lots of
them-—that line mp at an experiment's start-
img line bot are discardad before the finish.
The pper the Dimagl, direcior of the Cen-
tex for Stroke Research a1 Chariss University
Medicine Berlin, was reviewing described
how a new drag protecied  rodent's brain
after 2 stroke The mthors psed 20 mice,
half of which got the derapy. But mysteri-
amsly, only seven of the 10 meated animak
appeand in 2 graph malyzing the resaits.

T wrote o the aditor and mid, T canmat
judse tis paper, | need ta know where the
three mice went'” Dirmgl recalls. For
& months, radio silence. Then, the editor
respanded He'd heard from the authars, he
told DirnagL The free mice, suffering fram
massive swokes, had died, and the authors

922

had simply lefi them omt of the paper xin
analysis of their stroke drog, however,
revenled that those mice had an importam
message to bear: The thermy harmed e
Brain rather fhan helping i

“Thizim't fund? says Dimagl, whaafien
works with mice. Dropping animak fmma
remensch study for amy mmm ber of mascms, he
explaing, isan entrenched, accepted pazt of
the cultwe. “You look of your data, thee am
no roles. ... People suchode mimals of deir
whim, they jastdoitand theyd on't reportic™
‘That had hakbit, he believes, is one of several
st pilage animal sedies

to wntrol and treatment groups? Was
the her who ined

Hinded to what group they were in? The
absence of such details partly explains why
between 51% and 89% of animal studies
aren't reproducible. It may also help explain
why so many treatments reported to work
in animals have flopped in humans (Science,
22 Movember 2013, p. 922). Yet it's proving
surprisingly hard to solve the problem.

In 2010, the UK. National Centre for the
Renl Hefl & of
Animals in Research (NC3Rs) in London
developed a checklist of items that any paper

in sick peaple. Bt Dif

mmmog:mﬁz.c
‘stndien ot acroms 3 massive
sracking sverything fromh
malecilesin a heakihy org
of a new drog poised fn
And many whe stake their |
stadies conduct them with

weig hing how 1o st |
d chasing the

HOW SLOPPY SCIENCE
CREATES WORTHLESS
CURES, CRUSHES HOPE,

For years,
companies, drag regulators, and even the
genenl pablic have lamented how rarely
therapies that cure amimak do much of
amything for humans. Much atention has
forused on whether mice with different
diseases accurately reflect what happens

22NOVEMBER 2013 VOL 32 SOENCE www.sdenoamag.on
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about in vivo research onght to include. More
than 1000 scientific journals and two dozen
funding agencies have endorsed the so-
called ARRIVE mlislc!ims—sburl for Animal
¥ h: Reporting of In Vive Experi
(Science has not officially endorsed them, hul
encourages authors to comply) But 7 years
Tater, studies suggest that many scientists
are either unaware of the guidelines or are
ignoring them.

subjects ke it

That mid even aimal

AND WASTES BILLIONS

Sloppy reporting on animal
studies proves hard to change

Scientists appear to ignore guidelines adopted 7 years ago

“We just don't scem to make much prog-
ress” says Merel Ritskes-Hoitinga of Rad-
boud University Medical Center in Nijmegen,
the Netherlands, who co-organized a 25 Sep-
tember roundtable in Edinburgh where sci-
entists met with journal editors and funders
such as the United Kingdom's Medical Re-
search Council and the Welloome Trust to
diseuss ways of speeding up implementation
of the guidelines. One problem may be that
ensuring compliance can take a lot of work,
both for authors and journals.

The 38 items in the checklist provide a
“gold standard” says Malcolm Macleod, a
neurologist at the University of Edinburgh
who has studied the problems in animal ex-
perimentation. The st covers a wide range of
issues, from a paper’s title and study design
to how the animals were cared for, results,
and conflicts of interest. But a 201 survey
showed almest no improvement in repont-
ing in journals of Nature Publishing Group
(NPG) and PLOS during the first 2 years after
the guidelines were introduced, even though
both publishers had endorsed ARRIVE.
That study’s last anthor, Sandra Amor of VU
University Medical Center in Amsterdam,
says that an asyet-unpublished analysis
shows that things weren't much better in the
2012-15 period.

Macleod and colleagues have tested one

20 SEPTEMBER 2017 « VOL 387 1SSUE a38 1337
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Validation Workflow

Importance of Curated Reference Data

Studies

Systematic
Review Process

{}Assay O Key Event Node

AR Binding ()
MAR Agonist Pathway m AR Antagonist Pathway .

O Interference (assay- or node-specific examples)
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RNA Transcription ((&)

>@ Inactive RNA Transcription

Protein Production ()

R2 (N1, N2, N5) ' AR Antagonist Pathway R1(N1-N4) y AR Agonist Pathway

Kleinstreuer et al. 2018 RTX in press
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Addressing Data Quality

Ex: Rat oral acute toxicity LD50 Database

« |dentify transcription errors (e.g. 20005000 mg/kg, >10 mg/kg,
confidence intervals as values)

« Manual curation of highly variable chemicals; identify source data

Number of Number of
Data source : :
LD50 values | unique chemicals

ECHA ChemProp 5,533 2,136
NLM HSDB 3,981 2,205
JRC AcutoxBase 637 138
NLM ChemIDplus 13,072 12,977
NICEATM PAI 364 293

OECD eChemPortal 10,119 2,290
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Defining a Confidence Range

Bootstrapping of the standard deviations for repeat
test chemicals identified a 95% confidence interval

for LD50 values of £0.31 log,,(mg/kg)
EIJ k
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LD50 (log10(mg/kg))
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Variation in Classification
Ex: ECHA Ocular Data

100-41-4 Not Irritating
100-41-4 Category 2A
100-74-3 Category 1
100-74-3 Category 2A
102-06-7 Category 1
102-06-7 Category 2
10213-78-2 Category 1
10213-78-2 Category 2A
103-50-4 Not Irritating
103-50-4 Category 2B
10361-93-0 Category 1

10361-93-0 Category 2A
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Reproducibility of Animal Data

Binary Hazard Classification

(L 7« Uterotrophic: ~74%
" Hershberger: ~72%

)

e __ + Skin Sensitization: ~78%

G * Acute Systemic: ~81%

. '* e Skin Irritation: ~76%
—-f.?.",_.:_)

* Eye Irritation: ~84%
(e

Kleinstreuer et al. 2016; Browne et al. 2018; Kleinstreuer et al. 2018a; Dumont et al. 2016;
Hoffmann et al. 2018; Kleinstreuer et al. 2018b; Karmaus et al. in prep; Leuchtefeld et al. 2018
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Reproducibility of Animal Data

Ocular Potency Categorization

Conditional probability of Draize evaluations given a
previous test result

491 substances with at least two Draize studies and extractable
eye irritation category in REACH registrations 2008-2014

Prior Type 1 2A 2B Non | Total

A 1 73% | 161% | 04% | 104% )| 46

T 2 ) 2A 42% | 329% | 35% | 594% | 138
"S- (¢ 2B 02% | 4% | 155% |'802% | 86
Non 11% | 35% | 15% | 93.9% | 400

Leuchtefeld et al. 2017
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How to Benchmark Alternative Models
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How to Benchmark Alternative Models

Animal data reproduciblility as threshold for
performance

Interim Science Policy: Use of Alternative Approaches
for Skin Sensitization as a Replacement for Laboratory
Animal Testing

DRAFT FOR PUBLIC COMMENT
April 4, 2018

EPA’s Office of Chemical Safety and Pollution
Prevention:

Office of Pesticide Programs
Office of Pollution Prevention and Toxics

P
.5
[ -, s

i 3 By,
et
It pRpTES

Defined Approaches (AOP WoE and
KE 1/3 STS) accepted by EPA
based on comparison to LLNA

(mouse) data

Test Chemical

Test Chemical

!

Classify
based on i
concordance ) sensitizer
Classify
based on 2/3

concordance
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bevelopment of Predictive Models for
Acute Oral Toxicity

« Use large database of rat oral LD50 values to train (and
test) QSAR models to predict acute oral systemic toxicity

« 32 groups from the US, Europe, and Asia responded with
135 models for LD50, EPA and GHS categories, and
binary nontoxic vs all others and very toxic vs all others.

* Models were qualitatively and quantitatively assessed
and combined into consensus models.

e Consensus model performance compared with animal test
reproducibility for binary, categorical, and quantitative models


https://ntp.niehs.nih.gov/go/tox-models

Predictive Models for Acute Toxmty
Performance 9
Vs

Animal Data
Rat Oral LD50: Reproducibility Consensus Model Performance (Tr/Ts Avg)

| |
63% 99% 81% 77% 95% 86%

96% 82% 89% 82% 92% 87%

74% 91% 82% 62% 94% 78%

66% 92% 79% 54% 92% 73%
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Communicating Variability to
Stakeholders

'AS&CTION S08-CONTarmant HTML Version of ths arice
Is avallable at http: A dol.org/10.1288/ehp. 1510163,

B e

A Curated Database of Rodent Uterotrophic Bioactivity

Nicole C. Kleinstreuer, Patricia C. Ceger. David G. Allen." Judy Strickland." Xiaoging
Jonathan T. Hamm," and Warren M. Casey?

Tintegratad Laboratory Systams, in support of the National Taxicology Program Intaragency Center for
Toxicological Methods (NICEATM), Research Triangle Park, North Caroling, USA; 2NICEATM, Division of
Program, National Institute of Environmental Health Sciences, National Institutes of Heslth, Department
Rassarch Triangle Park, North Caralina, USA

CATICAL REVIEWS IN TOKXCOLOGY, 2018
VOL 48, NQ 5, 359-374
hpidoiorg/] 010801040844 4.201 81429385

REVIEW ARTICLE 8 OPEI

Non-animal methods to predict skin sensitization (ll): an assessme

ability of] e
BACKCROUND: Novel m rizro methods are being developed to identfy chemicals that may interfere K approaches L . .
with estrogen receptor (ER) signaling, but e e ‘ot ok bickopial context. pon O Predictive Models for Acute Oral Systemic Toxicity: A Workshop to
becanse of reliance n reference chemicals established using resalts from other fn ttro amsays gy Nicole . Kleinstreuer®, Sebastian Hoffmann®, Nathalie Alépée?, David Allen?, Takao Ashikag{

and because of the lack of high-quality fn efro reference data. The Organisation for Economic

L{DECD}—nLdm:d rodent aterotrophic bioassy is comsidered the 0 I
T = * secring
OBECTIVES: We performed [ to identify and evaluate data from L

Bridge the Gap from Research to Regulation

Authors: Kleinstreuer NC, Karmaus A, Mansouri K, Allen D, Fitzpatrick J, Patlewicz G

Elodie Clouet’, Magalie Cluzel?, Bertrand Desprez", Nichola Gellatly, Carsten Gabe¥, Petra .
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Erwin van Vliet”, Gingda Zang® and Dirk Petersohn™
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gaideline-fike (GL) and were subsequently anafyzed. test guid
RESULTS: The immatare rat model was used for 76% of the GL stodies. Active outcomes were ;S{’;}‘{;“;‘ A marency
a
e e Dt D‘ﬁ”" Became i1 Skin sensitization is a toxicity endpoint of widespread concern, for which the mechanistic understanding
s both and i N T e table to diff == produce and concurrent necessity for non-animal testing a pproaches have evolved to a itical juncture, with many

(e.g. injoction vs. oral dosing).

Concrusions. This nmu'.mslm database pmndzs a valasble resource for understanding
for e

in viro outcom
ntngu-(xlivily

performance of n pitro assays that measare

CITATION: Kleinstrener NC, Ceger PC, Allen DG, Sl.nd:llmij Chang X, Hamm T,
curated databuse of rodent Perspect

ioactivity. Environ Heal

124:556-562: hitpsifdedoi.or/10.1289/ehp. 1510183

available options for predicting sersitization without using animals. Cosmetics Europe and the National
Taxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods collabo-
rated to analyze the performance of multiple non-animal data integration approaches for the skin sensi-
tiation safety assessment of cosmetis Ingrediens. The Cosmetics Eurape Skin Talerance Task Force
(STTF) eollected and generated data on 128 substances in multipl

assays selected based on a systematic assessment by the STTF. Thﬁeass.ystogeﬁﬁrwnhoe«amnnim
predctions, are key components of various non-animal that

Organization for Economic Cooperation and Development as case studies for skin sensitization. A
murine local lymph node assay (LLNA) and human skin sersitization data were used to evaluate the per-
formance of six defined approaches, comprising eight nan-animal testing strateges, for both hazard and

Defined

Highlights

« Towards implementation of the ICCVAM Strategic Roadmap, a global modeling project was

Introduction chemicals that have demonstrated activity  parametes potency examined included methads, arificial neural net- organized to build predictive in silico models for acute oral systemic toxicity.
Understanding the impact of endocrine  and well-defined properties (potency and  data into waorks, support vector machine models, Bayesian networks, and decision trees, mast of which were repro- i . more "
bioactive chermicals on human health and  efficacy) again the target nuclear receptor  data for duced using open scurce: software tools, Miliple non-animal testing strategies Incorporating 1o vl In «  Aninternational workshop was held in April 2018 at the NIH to discuss the results of the
the environment is a high priority for  and the subsequent biological pathway. At revealed cheiin, 3ndl ) slin Inplies demonstrated enyivalent of SUpefior perfomance: 85 the LINA idhen oom- modeling project, with a diverse group of scientists and stakeholders participating in 2 days of
U.S. and international agencics. The large  the present time, reference chemicals used  specificall pared to both animal and human data for skin sensitization. ) d break discussi
number of untested chemicals in commerce o validate in sitro assays aimed at detecting  injection presentations and breakout group discussions.
(; Eu,uhnuj necessitates the use of high- pnd[:nt]aj ::dd.nd(‘rintddismptnu (u:rgcnd. rerm— = Relative strengths and weaknesses of the models for different regulatory purposes were
throughput scrcening (HTS) programs  androgen, and thyroid roceptors) arc slocted 1o o . !
such as the U.S. Environmental Protection  bascd only on their activity in ocher in 3170 i of Table of contents Hiscussed, and recommendations and next steps are presemted.
Agency (EPA) ToxCast™ initiative and the  assays, a circular validation paradigm that 530 Daris Introduction
Tox2l U, federal partncrship t quickly  arose because of the lack of sufficient in sive 27713 USY Disclaimer: The views expressed in this article are those of the authors and do not necessarily reflect the
identi il endocrine dis d  dam [ICCVAM et al. 2011; O for  mieiekiing Methads .
uify potential endocrine disruptars an 1 et al. 2011; Organisaron for - == Selection of defined approaches views or policies of the U.5. Environmental Protection Agency or the National Institutes of Health.
to hlp characterize any hazards they may  Economic Co-operation and Development , 37Fe PP - i ) i )
pose (Dix et al. 2007; Judson et al. 3010;  (OFCD) 2012]. To facilitate work that will ~“\g; g Qualitative evaluation criteria . Mention of trade names or commercial products does not constitute endorsement or recommendation
Kavlock ct al. 2012; Tice cual. 2013 US.  bener and charsceerize the relacion- o Database .. -. -.. -. for use,
EPA 20113, 2012). Furthermors, chere i i betwcn the e ad i i it i i Predictive performance assessment .
growing societal pressure to avoid animal  bioactivity of chemicals, the National — exracting sof
esting and to develop alternative approaches  Toricology Program Interagency Center  Srmating o Resules.. 362 Summay of quoltatie evaluti Abstract
that replace, reduce, or refine the use of for Evaluation of Aliernative Toxicological By <ocst | Qualtatve evaluation -362  LLNA and human reference dat
animals in toxicity testing [Hartung 2009;  Methods (NICEATM) developed a curated  “peraaes BASF *2 out of 3* 363 Quamiiative performance assessi in early 2018, the Interagency Coordinating Committee for the Validation of Alternative Methods
Interagency Coordinating Committee database of high-qualicy i vivo rodent o RIVM STS . BASF 2 out of 3* s P i ishi
on the Validation of Alernative Methods  uterotraphic bioassay data extracted from  HHSN273: DaPont IATASS 63 (ICCVAM) published the "Strategic Roadmap for Establishing New Approaches to Evaluate the Safety of
(ICCVAM) Autharization Act of 2000 published studics (hepe/intp.nichs.nih.gov/  NIEFS, thd ) 3 o Chemicals and Medical Products in the United States” (ICCVAM 2018). Cross-agency federal workgroups
To determine the uscfalnes and limi-  pubhealthlevalamitox21-supportiendocrine.  feel seo Uoreal Stacking Meta model = have been established to implement this roadmap for various toxicological testing endpoints, with an
tations of a novel alternative method for disnuptorsfedhrs html). The suhol ICOVAM SYM L. o 364 P g ne .
identifying endocrine activity and to show ‘The utcrotrophic bicassay [Test Guideline  “Rovetyey initial focus on acute toxicity testing. The ICCWAM acute toxicity workgroup (ATWG) helped organize a
that it is fit for its intended purpose, the  (TG) 440] was validated by the OECD a5 2015; Advad bal collaboration to build predictive i dels fi it 1 ic toxicity, based I
mechod must be evaluated againdt & sét of 8 short term screening test to evaluste the  Pobiiaten] ggtgﬁrynm © Kleinstrever @) [~] P.O. Box 12233, Mal Stop K global collaboration : uild predictive in silico models for acu En‘ra s\:slemlc xicity, bas nn.i large
rveot s, Iopanese Contr o the Valdaton of Atanative Mo (BOVAM) NatloralInstute of Healh Scknces dataset of rodent studies and targeted towards regulatory needs identified across federal agencies.
i —— “*;1.2 Jﬁmm ot of st af gapers the e . 0501 Thirty-two international groups across government, industry, and academia participated in the project,

s ok v et . of e Cortabue's ofeid duses .20 nplpe of e Lk Saes Conerers e & therere 3 o
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culminating in a workshop in April 2018 held at the National Institutes of Health (NIH). At the workshop,
e ional modelers and reg

y decision makers met to discuss the feasibility of using predictive
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Recent Workshop:
Modelers + Regulators

Predictive Models
for Acute Oral
Systemic Toxicity

William H. Natcher Conference Center
National Institutes of Health, Bethesda, Maryland
April 11 - 12, 2018

Attendees in-person: 89; webcast: 215
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Model Accessibility and
Transparency

Chemistry Dashboard

Bisphenol %

80-05-7 | DTXSIDTO20182

OPERA Models: LogP: Octanol-Water

Mearest Meighbors from the Training Set

Model Performance
Calculation Result
for a chemical

Weighted KNN model

RMEE

Model Performance
with full QMRF

AmsE

.

_~

PERA

PEn (gq)saR App

Discover.

Mansouri et al. OPERA models

Nearest Neighbors
from Training Set

(https://link.springer.com/article/10.1186/s13321-018-0263-1)

https://github.com/kmansouri/OPERA



https://link.springer.com/article/10.1186/s13321-018-0263-1
https://github.com/kmansouri/OPERA
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Human data and
human biology as
the gold standard
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How to Benchmark Alternative Models
Example: Skin Sensitization

Chemical
Structure
& Properties

Molecular Cellular
Initiating Event Response

Organ Response Organism Response

Key Event 3
Dendritic Cells (DCs) Key Event 4 Adverse
* Induction of inflammatory T-cell proliferation Outcome
Metabolism cytokines and surface e —
* Histocompatibili
Penetration Key Event 1 molgguleg # com Iexer) / * Inflammation upon
= | Mobilisation of DCs izt =) | challenge with
Covalent presentation by DCs :
interaction with . éCtiI\'/fatiotr'] of Tf cells allergen
i i « Proliferation o
l skin proteins = Key Event 2 = activated T-cells

Keratinocytes responses
Electrophilic T ;
substance « Activation of inflammatory ]
cytokines
« Induction of cytoprotective
genes

Defined Approaches (DAs) combine in vitro and in silico data using simple
decision trees or machine learning algorithms to predict skin sensitization.
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How to Benchmark Alternative Models
Example: Skin Sensitization

All non-animal defined approaches evaluated perform as well or
better than the mouse at predicting human skin sensitization:

Hazard: 74% (mouse) vs. 75-85% (DAS)
3-class Potency: 59% (mouse) vs. 55-69% (DAS)

Chemical

Structure Molecular Cellular Organ Response Organism Response

& Properties Initiating Event Response f
>
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Drug Discovery Today »Volume 00, Number 00 = jure 2018 REVIEWS

Teaser Improved translation of research is needed to inform safe and effective drug
development. This will require a broad collaborative effort, open data sharing, and
prioritized funding for human-relevant research.

Summary of major recommendations

A true shift in paradigm will require greater emphasis to be placed
on human relevance, from top-down funding decisions to data
generation, to building of databases and/or knowledge
management tools.

Recommen

pathway-b
research

Lindsay J. Marshall’, Ct International and interagency collaboration is critical: formal

Suzanne C. Fitzpatrick’ . . - - = -
o collaboration between major organizational and funding bodies

orees o me suecin s comer 0. SNIOUNA D@ @5tablished.

Bethesda, MD 20817, USA
o s o e Funding should be prioritized for researching human-based
SCanter for Food Safety and Applied Nutr

Coliege Park MD 20740, USA b|0|09y (VefSuS ‘imprOVEd' animal mOdGIS) and promOting open
Failures in the current parat 3CCESS data,

soaring research and develog

approvals. over 0% of new. HumMan data should be collected in collaborative, open-access

the level of Phase 2/3 clinic.

unexplained toxicity. Arece high-quality databases.

research institutions, regula » "

nongovernmental organizat COMMoON reporting formats and common ontologies should be
be better applied to underst i ¥ . .

discovery. Recommendation €5tablished for collecting and collating human biology

relevance, better access and

interdisciptinary and intern INfOrmMation, from different ‘omics technologies to human clinical
data.
e e mesment ot ioes . ThEre is @ need to establish formal processes for cross-sector

disease interventions remain elusive

e i dopmens b+ 35 COMIMY unication.

number of new drugs approved

s since 1050 (21w man « Thare js an immediate need for the creation of case studies to

regulatory approval, mainly as a re

o o o e e d@monstrate applications and benefits of predictive, mechanism-

Phase 2 and 3 failures of 62% and 4!

cmment vt e oot ot . DASEM @pProaches in the context of translation and human disease
meme ™ biology, and for the identification of new therapeutics.

Cowesponding author: Mariall, LL {manhablis wig | e i S g i

TS36UGT 1018 Be Authon. Pubiihed by Suovks Lt This & an open s 2tk undor B OF BY Rosems (30 ot s comencrss. ooy oresty AV)
T by WL 06 ki 2O A 05 034 wwrs, drugdi swove rytndey. mm 1
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Example: Eye Irritation

OECD/OCDE 492
Adopted:
25 June 2018

OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Reconstructed human Cornea-like Epithelinum (RhCE) test method for
identifying chemicals not requiring classification and labelling for eye
irritation or serious eye damage

INTRODUCTION

1. Serious eye damage refers to the production of tissue damage in the eye, or serious
physical decay of vision, follown ion of a test chemical to the antenor surface of
the eye, which is not fully revenﬂz]c within 21 days of application. as defined by the United
Nations Globally Harmomized System of Classification and Labelling of Chemicals
(UN GHS) (1). Also according to UN GHS, eye irritation refers to the production of
changes in the eye following the application of a test chemical to the anterior surface of the
eye, which are fully reversible within 21 days of application. Test chemicals inducing
serious eye damage are classified as UN GHS Category 1. while those inducing eye
imitation are classified as UN GHS Category 2. Test chemicals not classified for eye
imitation or serious eye damage are defined as those that do not meet the requirements for
classification as UN GHS Category 1 or 2 (2A or 2B) i.e, they are referred to as UN GHS
No Category.

2 The it of serious eye d. irritation has typically involved the use
of laboratory animals (OECD Test Gn.ui].lne (TG) 405; adopted in 1981 and revised in
1987, 2002, 2012 and 2017) (2). The choice of the most appropnate test method and the use
of this Test Guideline should be seen in the context of the OECD Guidance Document on
an Integrated Approaches on Testing and Assessment (IATA) for Serious Eye Damage and
Eye imtation (3).

3. This Test Guideline describes an in vifre procedure allowing the identification of
chemicals (substances and mixtures) not requiring classification and labelling for eye
imitation or serious eye damage in accordance with UN GHS. It makes use of reconstructed
human comea-like epithelum (RhCE) which closely mimics the histological,
morphological, biochemical and physiological properties of the human comeal epithelium.
Four other in vitro test methods have been validated, considered scientifically valid and

£/ 0ECD, (2018)

Yiou are free fo use this material subject 1 the ferms and conditions available at it werw cecd

In accordance with the Decision of the Council on a Delagation of Authorty to amend Ammex Iof the Decision of the Council on the
Mutual Acceptance of Data i e Assesment o Chamicals [CQ01 0], s Gl v amendd by the OECD' ot Mastin of he

Chemicals Conmittes and the Working Party on Chemicals, Pesticides an by wi 25 Tume 3018, zuideline was
aiopied by the OECD Council by written procedure on 15 Tume 2018

3-D Tissue Construct Models

Call Cutture
Insert

Media

Culture Meda ia fad through microporous membrana.

EpiOcular

Human Cornea

L .s’h ;M'. fa o.-a'u,boﬁ‘ nr" 'f'-' "' =
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Eye Irritation Classification:
OECD TG 492 Proficiency Chemicals vs. Sigma SDS

Methythioglycolate

2,5-Dimethyl-2,5-
hexanediol

1-Ethyl-3-
methylimidazolium
ethylsulphate

Diethyl toluamide
Camphene

2365-48-2
110-03-2

342573-75-5

134-62-3
79-92-5

Category 1
Category 1

Not Classified

Category 2B
Category 2B

Category 2A
Not classified

Category 1

Category 2A
Category 2A
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Mechanistic Mapping of HTS Assays

Example: Developmental Toxicity

Human Teratogenic Mechanisms

» Endocrine disruption = 1s {
Rond = H“) )
——— =

e Oxidative stress
k.3 "4 ‘4 "4 "4 *4- '4.

» Vascular disruption ol _
] ‘e "q v., *k Yo a4
 Folate antagonism . \ S

Oiarste (03] e - Tty proscrate |71

* Neural crest cell disruption

o . Secretome -CF}‘-
« Specific receptor- or enzyme-mediated

Van Gelder et al. 2010; Knudsen and Kleinstreuer 2011
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Mechanistic Mapping of HTS Assays

Example: Carcinogenicity

Hallmarks of Cancer & Characteristics of Carcinogens

Sustaining Evading

e Inflammation

» Oxidative stress

« Genotoxicity/instablitiy
* Angiogenesis

* Immortalization/proliferation

4. Epigenetic alterations

- Immunosuppression |/ 5'2§:223"f=e‘-a“;'ﬁ$:532°
. . | 6. Induces 10. Cell death/
PY I nvaS | 0 n/m etastaSIS g inflammation proliferation

8. Nuclear receptors

T T T 1
0.2 0.4 0.6 0.8

« Specific receptor- or enzyme-mediated ToxPiscore

fapm

Hanahan & Weingberg 2011; Smith et al. 2016; Guyton et al. 2018; Chiu et al. 2018
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Addressing Risk Probabilistically

Risk + Human-Relevant Mechanistic Information
(from HTS assays, 3D organotypic systems,
QSAR models, targeted animal studies, etc.)

+ Exposure Data and Population Genetics
(from biomonitoring studies, high-throughput
transcriptomics, GWAS studies, etc.)

Posterior

——

0.1 1 10 % Population
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Challenges
 Scientific
— Considering population/genetic variability
— Incorporating metabolic competence
— Developing complex systems models
— Reporting and collection of reference data
» Non-scientific
— Increasing awareness, education, and training

— Cross-sector communication

— Funding for human-centric research and education
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